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TUNEABLE WAVEGUIDE FILTER AND 
METHOD OF DESIGN THEREOF 

FIELD OF THE INVENTION 

This invention relates to Waveguide ?lters, and more 
particularly to tuneable E-plane Waveguide ?lters. 

BACKGROUND OF THE INVENTION 

E-plane Waveguide ?lters consist of a Waveguide, formed 
by tWo halves of a rectangular parallelepiped housing, and 
an insert. The insert is a relatively thin sheet of electrically 
conductive material, typically copper, of uniform thickness 
and etched or stamped With patterns. The insert is placed 
betWeen the tWo halves of the housing so that When the 
Waveguide is assembled the insert lies along the longitudinal 
axis of the Waveguide and is oriented in a plane parallel to 
the short dimension of the cross-section of the Waveguide. 
The patterns in the insert consist of spacings, or cavities, 
separated by remaining portions of the insert called ?ns, all 
of Which run the full interior height of the Waveguide. The 
cavities have resonant frequencies de?ned by their geometry 
and the ?ns have inverting properties de?ned by their 
geometry. The frequency response of the ?lter depends on 
the lengths of the cavities and ?ns, on the thickness of the 
insert, and on the dimensions of the Waveguide housing. 

Manufacturing tolerances on the Waveguide housing and 
on the etching or stamping of the insert place limits on the 
precision of the ?lter dimensions, and existing E-plane 
Waveguide ?lters are unable to provide the precise frequency 
response needed for narroW bandWidth ?lters. One solution 
is to improve the manufacturing process for creating the 
Waveguide housing and the insert in order to improve the 
precision in the dimensions of the Waveguide ?lter. HoWever 
this is expensive for the precision needed for narroW band 
Widths. Another solution is to ?ne-tune the ?lter after 
manufacture to achieve the desired frequency response from 
the ?lter. H-plane ?lters can be tuned after manufacture, but 
these are more expensive than E-plane ?lters due to the more 
complex assembly required. Furthermore, the tuning of 
H-plane ?lters is complex, requiring the adjustment of many 
tuning screWs. There is a need for tuneable E-plane 
Waveguide ?lters, as these Would be less expensive than 
H-plane ?lters yet Would alloW narroWer bandWidth ?lters. 

SUMMARY OF THE INVENTION 

The present invention provides a Waveguide ?lter com 
prising an electrically conductive Waveguide housing con 
taining a longitudinally extending rectangular channel hav 
ing spaced sides, the housing being constructed of at least 
tWo housing portions assembled together, and at least one 
electrically conductive relatively thin planar insert extend 
ing along and spaced from the sides of the Waveguide 
channel. The upper and loWer edges of the insert are 
sandWiched betWeen tWo of the housing portions. The insert 
has at least one cavity located betWeen the upper and loWer 
edges of the insert and situated in the Waveguide channel. A 
recess is provided in the insert, extending from one of the 
upper and loWer edges of the insert into the cavity, and a 
tuning slider of electrically conductive material is received 
in the recess and extends into the cavity a distance deter 
mined by the desired frequency response of the Waveguide 
?lter. The presence of the slider alters the resonant frequency 
of the cavity, thereby changing the frequency response of the 
?lter. The thickness of each slider and the approximate 
distance each is to extend into a cavity in the insert is 
determined analytically. Once inserted, the position of each 
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2 
slider is ?nely adjusted until the measured frequency 
response is as desired, and the sliders are then ?xed in 
position. 

The recess in a preferred embodiment passes through the 
entire thickness of the insert to form a gap. It is noted that 
because the tuning technique is effected by modifying the 
insert, it is not necessary to modify or alter the housing 
portions, thus permitting the use of a universal housing for 
a range of ?lter designs. 

In an alternative embodiment, instead of providing a 
recess in the insert, a notch is provided in a Wall of a housing 
portion and tuning can be achieved by receiving the slider in 
the notch. This solution is less preferable because it requires 
modi?cation of the standard housing. 

This construction of Waveguide ?lter alloWs very precise 
frequency response curves to be obtained, overcoming the 
limits imposed by manufacturing tolerances, Without the 
complexity and cost of an H-plane Waveguide ?lter. 
Furthermore, a particular Waveguide ?lter can later be tuned 
to a slightly different frequency response by adjusting the 
sliders. 

Other aspects and features of the present invention Will 
become apparent to those ordinarily skilled in the art upon 
revieW of the folloWing description of speci?c embodiments 
of the invention in conjunction With the accompanying 
?gures. 

BRIEF DESCRIPTION OF THE DRAWINGS 

The invention Will noW be described in greater detail With 
reference to the accompanying diagrams, in Which: 

FIG. 1 is an exploded perspective vieW of an E-plane 
Waveguide ?lter of the invention; 

FIG. 2 is a lateral vieW of the E-plane Waveguide ?lter of 
the invention With one half of the Waveguide housing 
removed; 

FIG. 3 is an end vieW of the E-plane Waveguide ?lter of 
the invention; 

FIG. 4 is an exploded perspective vieW of an alternate 
embodiment of the E-plane Waveguide ?lter of the inven 
tion; and 

FIG. 5 is an end vieW of yet another alternate embodiment 
of the E-plane Waveguide ?lter of the invention. 

DETAILED DESCRIPTION OF THE 
PREFERRED EMBODIMENTS 

FIG. 1 shoWs the E-plane Waveguide ?lter of the inven 
tion. The Waveguide housing consists of tWo halves 10 of a 
parallelepiped made of an electrically conductive material 
having a loW coef?cient of thermal expansion. When 
assembled, the Waveguide Will have a longitudinal direction 
4 along Which an electromagnetic Wave is transmitted, a 
transverse direction 6 lying along the long dimension of a 
cross-section of the Waveguide, and a vertical direction 8 
lying along the short dimension of a cross-section of the 
Waveguide. The tWo halves 10 of the Waveguide housing are 
substantially identical, having a C-shaped cross-section as 
shoWn in FIG. 3. Each half 10 is de?ned by an outer vertical 
Wall 42 and tWo spaced transverse Walls 44. The transverse 
Walls 44 end in mating surfaces 48 (in FIG. 1) adapted to 
mate With the mating surfaces 48 of the other half 10. 
HoWever When the Waveguide ?lter is assembled, the mating 
surfaces 48 of each half 10 Will be separated by an insert 12, 
Which is sandWiched betWeen the mating surfaces 48. TWo 
doWeling holes 19 are provided and extend transversely 
through the mating surfaces 48 and part Way through the 
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transverse Walls 44. The C-shape of the tWo halves 10 
together form a Waveguide channel 46. 

The insert 12 is formed of a sheet of electrically 
conductive, easily etched or stamped material, such as 
copper. The insert 12 is substantially planar and is relatively 
thin, having tWo large surfaces, and a transverse dimension, 
or thickness, signi?cantly less than the longitudinal edges 
and the vertical edges of the insert 12, and the longitudinal 
edges being longer than the vertical edges. A number of 
cavities 14 are etched or stamped into the insert 12 so as to 
lie betWeen an upper and a loWer edge of the insert 12. The 
cavities 14 are separated by remaining portions of the insert, 
called ?ns 16. The number and location of the cavities 14 
and ?ns 16 Will depend on the desired frequency response of 
the ?lter, and can be determined analytically using Well 
knoWn techniques. The cavities 14 eXtend the full height of 
the Waveguide channel 46, such that the upper surface 20 of 
each cavity 14 lies ?ush With the upper surface 22 of the 
Waveguide channel 46, and the loWer surface 24 of each 
cavity 14 lies ?ush With the loWer surface 26 of the 
Waveguide channel 46. 

The insert 12 has gaps 28 above or beloW one or more of 
the cavities, into each of Which a slider 30 can be inserted 
along the plane of the insert during assembly. It can be seen 
that each gap 28 eXtends from the cavity to the upper (or 
loWer) edge of the insert. The sliders 30 are made of a highly 
conductive, easily etched or stamped material, such as 
copper. The thickness of each slider 30 is determined from 
the desired frequency response of the Waveguide ?lter using 
Well knoWn analytic techniques. TWo doWeling holes 17 
pass transversely through the insert 12. The choice of 
Whether a particular gap 28 Will lie in the upper or loWer 
edge of the insert 12 Will depend on the positions of the 
doWeling holes 17. 

The tWo doWeling holes 17 in the insert 12 are aligned 
With the doWeling holes 19 in the housing halves 10. When 
assembled, doWels 18 pass from the doWeling holes 19 in 
one half of the housing 10, through the doWeling holes 17 in 
the insert 12, and into the doWeling holes 19 of the other half 
of the housing 10. The insert 12 is held in vertical and 
longitudinal position by the doWels 18, and is held in 
transverse position by being sandWiched betWeen the mating 
surfaces 48 of the tWo halves of the housing 10. The tWo 
halves of the housing 10 are held in position using fasteners 
(not shoWn). The fasteners may be, for eXample, screWs 
passing transversely through the transverse Walls 44 and the 
insert 12, or may be clamps situated outside the Waveguide 
housing 10. 

FIG. 2 is a transverse vieW of the Waveguide ?lter When 
assembled, With one half of the Waveguide housing removed 
to eXpose details of the ?lter. The sliders 30 eXtend into the 
cavities 14 and alter the resonant frequency of each cavity 
14, thereby altering the frequency response of the Waveguide 
?lter. The approXimate depth 32 that each slider 30 eXtends 
into a cavity 14 is determined from the desired frequency 
response of the Waveguide ?lter using Well knoWn analytic 
techniques. The depth 32 is ?nely adjusted, either manually 
or using mechanical means, until the measured frequency 
response of the Waveguide ?lter matches the desired fre 
quency response. The slider 30 is then fastened in position, 
using for example glue. If the sliders 30 are thin enough to 
enter the gap Without signi?cant friction against the mating 
surfaces 48 When the Waveguide housing 10 has been 
fastened together, then the sliders can be inserted, adjusted 
and fastened in position after the Waveguide housing 10 has 
been fastened. If the sliders are thick enough to encounter 
signi?cant friction against the mating surfaces 48 When the 
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4 
Waveguide housing 10 has been fastened together, then the 
Waveguide housing 10 is not fastened completely until the 
sliders have been inserted, adjusted and fastened in position. 

FIG. 4 shoWs an alternate embodiment of the E-plane 
Waveguide ?lter of the invention. In this embodiment there 
are no gaps in the insert 12. Rather notches 40 are located 
in one of the halves 10 of the Waveguide housing. The 
notches 40 are recessed into the mating surface 48 of either 
half 10 of the Waveguide housing, and eXtend from an outer 
surface 52 of the Waveguide housing to an inner surface 54 
of the Waveguide housing. The choice of Whether a particu 
lar gap 40 Will lie in the upper or loWer transverse Wall 44 
Will depend on the positions of the doWeling holes 19. When 
a slider 30 is inserted into a notch 40, the slider 30 lies in a 
plane parallel to and adjacent to the insert 12. In this 
embodiment, the method of tuning the ?lter is the same as 
in the embodiment shoWn in FIG. 1. The approXimate depth 
that each slider 30 eXtends into the Waveguide channel 46 is 
determined from the desired frequency response of the 
Waveguide ?lter using Well knoWn analytic techniques. The 
depth is ?nely adjusted until the measured frequency 
response of the Waveguide ?lter matches the desired fre 
quency response. The slider 30 is then fastened in position, 
using for eXample glue. A disadvantage of this embodiment 
over the ?rst embodiment, hoWever, is that universal hous 
ings cannot be used since the location of the notches 40 Will 
depend on the desired frequency response. 

In the preferred embodiment of the invention, the Walls 42 
of the Waveguide channel 46 to Which the insert 12 is 
parallel are shorter than the Walls 44 of the Waveguide 
channel 46 to Which the insert 12 is perpendicular. The 
converse could be the case, but the ?lter Would then only 
function for unconventional propagation modes of the elec 
tromagnetic signal. 
The embodiment shoWn results in an optimal Q-factor for 

the ?lter. Variations resulting in a reduced Q-factor are 
nevertheless also included in the scope of the invention. The 
insert 12 could also lie offset from the longitudinal aXis of 
the Waveguide housing 10. The cavities 14 need not reach 
the full height of the Waveguide channel 46. The longitudi 
nal dimension, or Width, of a slider need not be substantially 
equal to that of the gaps 28 or notches 40. 

Other alternative embodiments are also included Within 
the scope of the invention. The cavities 14 need not be 
rectangular as shoWn in the preferred embodiments. The 
gaps 28 or the notches 40 need not be vertical, but could 
eXtend from the upper or loWer edge of the insert 12 to the 
cavity 14 and intersect the cavity 14 at an angle other than 
90 degrees. Instead of complete gaps 28 in the insert 12, 
recesses or notches Which do not pass through the entire 
plane of the insert 12 could be used to receive the respective 
sliders. HoWever these embodiments may complicate the 
design of the ?lter. 
A gap may be thought of as a speci?c form of recess 

Which passes through the insert, and thus the term “recess” 
is used hereinafter to denote either a recess (notch) Which 
does not pass completely through the insert thickness or a 
recess (gap) Which does pass completely through the insert 
thickness. 

As a further alternative, more than one insert could be 
used. In such an embodiment, an end vieW of Which is 
shoWn in FIG. 5, the inserts 12 are placed parallel to each 
other and separated by housing spacers 50 aligned With the 
transverse Walls 44. The housing spacers 50 are held in place 
by the doWels 18. Sliders 30 can be inserted either through 
gaps 28 in the inserts 12, as in FIG. 1, through notches 40 
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in the transverse Walls 44, as in FIG. 4, or through notches 
in the housing spacers 50. 
As yet a further alternative, the dowels 18 can be replaced 

by pins projecting contiguously from one of the housing 
halves 10 rather than being separate pieces inserted into 
doWeling holes in both halves of the housing. 

The outer form of the Waveguide housing need not be 
exactly as depicted. In particular, ?anges or ?ange holes 
could be provided at the longitudinal ends of the housing to 
alloW the Waveguide ?lter to be fastened to other compo 
nents in a communication path. 

What has been described is merely illustrative of the 
application of the principles of the invention. Other arrange 
ments and methods can be implemented by those skilled in 
the art Without departing from the spirit and scope of the 
present invention. For example, other methods of fastening 
the housing and the insert can be implemented, as long as 
they do not interfere in the placement of the sliders. 
We claim: 
1. A Waveguide ?lter comprising: 
an electrically conductive Waveguide housing containing 

a longitudinally extending rectangular channel having 
spaced sides, the housing being constructed of at least 
tWo housing portions assembled together; 

at least one electrically conductive relatively thin planar 
insert extending along and spaced from the sides of the 
Waveguide channel and having upper and loWer edges 
sandWiched betWeen tWo of the housing portions, the 
insert having at least one cavity located betWeen the 
upper and loWer edges and being situated in the 
Waveguide channel; 

Wherein a recess is provided in the insert, the recess 
extending from one of the upper and loWer edges of the 
insert into the cavity, and a tuning slider of electrically 
conductive material is received in the recess and 
extends into the cavity a distance determined by the 
desired frequency response of the Waveguide ?lter. 

2. The Waveguide ?lter of claim 1 Wherein the cavity is 
rectangular. 

3. The Waveguide ?lter of claim 1 Wherein there are a 
plurality of cavities and a plurality of respective recesses. 

4. The Waveguide ?lter of claim 1 Wherein the insert is 
substantially parallel to the sides of the Waveguide channel. 

5. The Waveguide ?lter of claim 1 Wherein the tuning 
slider has a thickness substantially the same as that of the 
recess. 

6. The Waveguide ?lter of claim 1 Wherein the tuning 
slider is substantially the same Width as the recess. 

7. The Waveguide ?lter of claim 1 Wherein the recess 
passes through the entire thickness of the insert to form a 
gap. 

8. The Waveguide ?lter of claim 1 Wherein the recess does 
not pass through the entire thickness of the insert. 

9. The Waveguide ?lter of claim 1 Wherein there is one 
insert. 

10. The Waveguide ?lter of claim 9 Wherein there are tWo 
substantially identical housing portions. 

11. The Waveguide ?lter of claim 10 Wherein the insert is 
substantially parallel to the sides of the Waveguide channel. 

12. The Waveguide ?lter of claim 9 Wherein the insert is 
substantially parallel to the sides of the Waveguide channel. 

13. The Waveguide ?lter of claim 1 Wherein there are a 
plurality of inserts, tWo outer housing portions, and a 
plurality of inner housing portions. 

14. The Waveguide ?lter of claim 13 Wherein the outer 
housing portions are substantially identical. 
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15. The Waveguide ?lter of claim 14 Wherein the insert is 

substantially parallel to the sides of the Waveguide channel. 
16. The Waveguide ?lter of claim 13 Wherein the insert is 

substantially parallel to the sides of the Waveguide channel. 
17. A method of assembling a Waveguide ?lter con 

structed according to claim 1 comprising: 
sandWiching the insert betWeen the tWo housing portions; 
inserting the tuning slider through the recess to project 

into the cavity; 
measuring an actual frequency response of the Waveguide 

?lter; 
adjusting the distance Which the tuning slider extends into 

the cavity until the actual frequency response equals the 
desired frequency response; and 

?xing the tuning slider in position. 
18. A Waveguide ?lter comprising: 
an electrically conductive Waveguide housing containing 

a longitudinally extending rectangular channel having 
spaced sides, the housing being constructed of at least 
tWo housing portions assembled together, each housing 
portion having an inner surface adjacent to the channel, 
an outer surface, and a mating surface; 

at least one relatively thin electrically conductive planar 
insert extending along and spaced from the sides of the 
Waveguide channel and having upper and loWer edges 
sandWiched betWeen the mating surfaces of tWo of the 
housing portions, the insert having at least one cavity 
located betWeen the upper and loWer edges and being 
situated in the Waveguide channel; 

Wherein a notch is provided in one of the housing 
portions, the notch extending from the outer surface to 
the inner surface along the mating surface, and a tuning 
slider of electrically conductive material is received in 
the notch and extends into the Waveguide channel 
adjacent to the cavity a distance determined by the 
desired frequency response of the Waveguide ?lter. 

19. The Waveguide ?lter of claim 18 Wherein there are a 
plurality of cavities and a plurality of respective notches. 

20. The Waveguide ?lter of claim 18 Wherein the insert is 
substantially parallel to the sides of the Waveguide channel. 

21. The Waveguide ?lter of claim 18 Wherein the tuning 
slider has a thickness substantially the same as the depth of 
the notch. 

22. The Waveguide ?lter of claim 18 Wherein the tuning 
slider is substantially the same Width as the notch. 

23. The Waveguide ?lter of claim 18 Wherein there is one 
insert. 

24. The Waveguide ?lter of claim 23 Wherein there are tWo 
substantially identical housing portions. 

25. The Waveguide ?lter of claim 24 Wherein the insert is 
substantially parallel to the sides of the Waveguide channel. 

26. The Waveguide ?lter of claim 23 Wherein the insert is 
substantially parallel to the sides of the Waveguide channel. 

27. The Waveguide ?lter of claim 18 Wherein there are a 
plurality of inserts, tWo outer housing portions, and a 
plurality of inner housing portions. 

28. The Waveguide ?lter of claim 27 Wherein the outer 
housing portions are substantially identical. 

29. The Waveguide ?lter of claim 28 Wherein the insert is 
substantially parallel to the sides of the Waveguide channel. 

30. The Waveguide ?lter of claim 27 Wherein the insert is 
substantially parallel to the sides of the Waveguide channel. 

31. The Waveguide ?lter of claim 18 Wherein the cavity is 
rectangular. 

32. A method of assembling a Waveguide ?lter con 
structed according to claim 18 comprising: 
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sandWiching the insert between the tWo housing portions; 
inserting the tuning slider through the notch to project into 

the cavity; 
measuring an actual frequency response of the Waveguide 

?lter; 
adjusting the distance Which the tuning slider extends into 

the cavity until the actual frequency response equals the 
desired frequency response; and 

?xing the tuning slider in position. 
33. An electrically conductive Waveguide housing 

adapted to be used With at least one relatively thin electri 
cally conductive planar insert to form a Waveguide ?lter, the 
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housing containing a longitudinally extending rectangular 
channel having spaced sides and being constructed of at 
least tWo housing portions assernbled together, each housing 
portion having an inner surface adjacent to the channel, an 
outer surface and a mating surface, Wherein: 

at least one notch is provided in one of the housing 
portions, the notch extending from the outer surface to 
the inner surface along the mating surface and being 
adapted to receive a tuning slider Which co-operates 
With the insert. 


